Study Design. Retrospective review of 36 consecutive patients undergoing coronal plane deformity correction with intraoperative skull-femoral traction between 2005 and 2008 with motor evoked potential (MEP)/somatosensory evoked potential monitoring. Objective. To determine the prevalence and signifi cance of neurophysiological changes with intraoperative skull-femoral traction in adolescent idiopathic scoliosis. Summary of Background Data. Intraoperative skeletal traction can be associated with spinal cord stretching and ischemia with resultant electrophysiological changes. The prevalence and risks of such changes and their clinical signifi cance is unknown. Methods. Thirty-seven procedures involving 36 patients (27 females and 9 males) with a mean age of 14.8 (12-18) years were divided into two groups on the basis of the presence (group 1, n ϭ 18 procedures) or absence (group 2, n ϭ 19) of signifi cant MEP changes with surgery. They were compared with patients undergoing correction without traction (group 3). Results. Signifi cant differences among the groups were observed in mean preoperative Cobb angle (86Њ vs. 70Њ vs. 59Њ), mean intraoperative posttraction Cobb angle (50.0Њ vs. 34.6Њ), traction index (0.41 vs. 0.50), fl exibility index (0.14 vs. 0.27 vs. 0.25), and presence of primary lumbar curves (0% vs. 32% vs. 14%). Initial onset of MEP amplitude loss (group 1) occurred at a mean of 94 (1-257) minutes from the onset of surgery, was bilateral in 13 procedures, and improved at a mean of 5.5 (1-29) minutes after decreasing or removing the traction. At closure, complete bilateral recovery to baseline was observed in 10 procedures, recovery to Ͼ50% baseline in fi ve, and recovery to Ͻ50% baseline in three procedures. There were no neurologic defi cits in this series. Conclusion. Intraoperative traction is associated with frequent changes in MEP monitoring. The thoracic location of the major curve, increasing Cobb angle, and rigidity of major curve are signifi cant risk factors for changes in MEP with traction. The presence of any MEP recordings irrespective of its amplitude at closure was associated with normal neurological function. Somatosensory evoked potential monitoring did not correlate with the traction induced MEP amplitude changes.
T he use of intraoperative skeletal traction has been described in the correction of large adolescent idiopathic scoliosis (AIS) curves in combination with posterior only instrumentation, avoiding combined anterior and posterior procedures. 1 Hamzaoglu and Ozturk 1 reported their experience of 15 consecutive idiopathic scoliosis patients with severe thoracic scoliosis (Ͼ100Њ) treated with intraoperative halo-femoral traction and posterior instrumented fusion in 2008 and concluded that halo-femoral traction together with a wide facet resection and posterior release provides good correction and balance. Our group reported 2 a mean correction of 46% with traction prior to exposure. The reduction in curve magnitude and derotation of the spine facilitated the exposure, pedicle screw insertion in the apical vertebrae, and fi nal rod placement.
The use of intraoperative neurophysiological monitoring is well established and its effi cacy as a diagnostic tool of evolving neurological injury in spinal surgery is well documented. [3] [4] [5] [6] [7] Motor evoked potentials (MEPs) have been shown to be especially sensitive to spinal cord ischemia during spinal operations. [8] [9] [10] The application of corrective forces on the spine during scoliosis surgery can cause stretching of the vascular supply making the spinal motor system vulnerable to ischemic insult. 11 The potential detrimental effects of intraoperative skull-femoral traction on spinal cord perfusion must be recognized promptly and appropriate actions taken to prevent any long-term sequelae.
Our approach was to use skeletal traction and pedicle screw constructs for correction of severe AIS curves (Figure 1 ). With our usual protocol, we observed frequent MEP changes prompting us to retrospectively study our patient cohort with the view of understanding and identifying possible risk factors of MEP changes with the use of intraoperative traction. We report the results of neurophysiological spinal cord monitoring of 36 consecutive AIS patients who underwent scoliosis correction using
MATERIALS AND METHODS
A retrospective review was performed of 36 consecutive AIS patients treated surgically between 2005 and 2008. All cases were performed by the senior author (S.J.L.), using intraoperative skull-femoral traction with MEP and somatosensory evoked potential (SSEP) monitoring. Intraoperative traction was used to facilitate curve correction in cases with standing thoracic curves greater than 70Њ, in thoracolumbar or lumbar curves Ͼ50Њ or in cases where the apical or end pedicles were felt to be too small to accommodate pedicle screws. The patients were divided into two groups based on the presence (group 1) or absence (group 2) of neuromonitoring changes with surgery. A third group (group 3) consisting of 35 consecutive patients treated surgically for AIS by the same surgeon without the use of intraoperative traction served as a comparison to the technique of scoliosis correction utilized in this series.
Curve Correction and Flexibility With Traction
The fl exibility of the major curve with preoperative sidebending fi lms and intraoperative traction was assessed. The ratio of correction of the major curve with side bending and traction to the preoperative standing fi lms was defi ned as the Flexibility Index (FI) and Traction Index (TI), respectively. Although some studies have described less than 50% correction on bending as stiff, we are not aware of standards for stiffness as there is signifi cant variability among centers in performing bending fi lms. The TI was performed in a consistent manner in all cases, as all patients underwent standard traction protocol under general anesthesia. We introduce the TI in this series. A comparison of the groups was performed to identify correlations between curve stiffness and probability of MEP changes with traction.
Anesthetic Protocol
A standard anesthetic protocol compatible with neurophysiological monitoring was used. The anesthesia was performed under the supervision of one anesthesiologist (C.Z). Anesthesia was induced with propofol 4 mg/kg and glycopyrolate 0.2 mg followed by rocuronium 0.6 mg/kg to facilitate tracheal intubation. Maintenance of anesthesia was with a mixture of 30% oxygen in air, continuous infusion of propofol at a rate of 100 to 150 g/kg/min, and continuous infusion of remifentanyl starting at 0.3 g/kg/min and subsequently adjusted according to hemodynamic response. Infusions were discontinued after surgery. Morphine, 100 g/kg, was administered approximately 30 minutes before the end of surgery.
Application of Skull-Femoral Traction
Following intubation, Gardner-Wells (GW) tongs were inserted using the standard technique. [12] [13] [14] Femoral traction was applied through bilateral 3.5-to 4.0-mm smooth pins inserted from medial to lateral in the distal femur. A standard protocol for intraoperative traction of approximately 20% of body Transcranial MEPs were elicited using the Digitimer D185 (Digitimer, Hertfordshire, England). Stimulation was delivered between two subdermal needle electrodes inserted 2 cm anterior to C1-C2 (International 10-20 System) overlying the motor cortex region. Trains of 5 to 9 pulses, spaced at an interstimulus interval ranging from 1.1 to 4.1 ms, were delivered with constant voltage (160-550 V) at the anode. The stimulation parameters were optimized to give the maximal amplitude responses for each patient. Resultant compound muscle action potentials were recorded using subdermal needle electrodes, in a bipolar montage. MEPs were recorded from the fi rst dorsal interosseous (upper extremity), rectus abdominis, iliopsoas, adductors, rectus femoris, tibialis anterior, and abductor hallucis muscles. These unaveraged compound muscle action potentials were recorded through a 30-to 1000-Hz bandpass fi lter and were displayed in a 100-ms window.
MONITORING PROTOCOL
Initial pretraction MEP recordings were obtained immediately after placing the patient in the prone position. All baseline responses were recorded with the patient completely unparalyzed, which was verifi ed using a train-of-four twitch test from the left abductor hallucis after stimulation of the left posterior tibial nerve. Once response parameters were optimized and baseline MEPs were established, the skull-femoral traction weights were applied and MEP responses were reassessed. SSEP baselines were then acquired before surgical incision.
Warning Criteria
Any decrease in amplitude or increase in latency was considered to be a deterioration or reduction. Amplitude reductions greater than 50% of baseline or latency increases of 10% or more of baseline were considered to be signifi cant. Complete disappearance of MEPs or SSEPs was classifi ed as a complete loss. All changes, including recovery after signal deterioration or loss, were reported to the surgeon immediately. Signifi cant changes occurring on one or both sides warranted prompt action by the surgeon. Preemptive reduction in the traction weight was performed in cases with progressive MEP amplitude losses even if the losses did not quite reach 50% of baseline.
Response to MEP/SSEP Changes
In the event of signifi cant MEP or SSEP changes (Figure 2 ), the surgeon would cease any further surgical intervention. The anesthesiologist would be notifi ed and the mean arterial pressure would be maintained at a minimum of 70 mm Hg, oxygenation optimized, and anesthetic agent related neurophysiological changes would be ruled out. Equipment and technical causes would also be ruled out. Changes that fulfi lled the above criteria would be managed with reduction or removal of traction.
Complete or near complete loss of MEP: All traction weight and/or rods were removed in cases of complete unilateral or bilateral MEP signal loss. In cases of near complete loss (Ͼ75% loss compared with baseline), 50% of the weight on the legs was removed. If the MEPs did not improve or improved to Ͻ50% of baseline within 5 minutes, the remaining weights were removed.
Partial Loss of MEP: Compared with baseline, if Ͻ25% loss in MEP occurred, no traction was removed and frequent MEPs were performed. If there was Ͼ25% decrease in MEP amplitude, 10 lb of traction was removed from the legs or 5 lb from the head every 5 to 10 minutes until improvement or recovery to baseline recordings in MEP occurred. If there was no improvement, persistent deterioration in the MEP amplitudes with adjustments of traction, or recovery to less than 50% of baseline occurred, all traction was removed and any rods that were secured would be released to reverse the correction obtained.
No Improvement, incomplete recovery or persistent loss despite release of traction or rods: If there was still no improvement, concern over misplaced implants would be ruled out. If, despite all maneuvers, no improvement occurred or deterioration occurred with repeated rod insertion, the rods would be removed, the operation would be terminated, and the patient would be awakened. Appropriate cross-sectional imaging would be performed to assess the implants. The use of traction as an adjunct to correction was abandoned in patients not tolerating the traction, as depicted by MEP signal deterioration based on the above criteria.
Statistical Analysis
The patients were divided into two groups on the basis of the presence or absence of neuromonitoring changes with surgery. A third group consisting of patients treated surgically for AIS by the same surgeon without the use of intraoperative traction served as a comparison for the surgical technique of deformity correction. Statistical analysis was performed using SAS 9.12. (SAS Institute Inc, Cary, NC) for continuous and categorical associations, t tests and 2 tests were used, respectively. Multiple and univariate logistic regression was used to model the association and assess the signifi cance between the MEP change and other clinically relevant variables.
RESULTS
After appropriate exclusions, there were 37 procedures involving 36 patients comprising 27 females and 9 males with a mean age of 14.8 (12-18) years. One patient had complete loss of MEPs after multiple attempts at rod insertion, even after release of all traction. This patient was returned to the operating room the following week where successful rod insertion was achieved with the use of traction, despite deterioration of MEP with rod insertion. In both procedures, the MEPs recovered completely on the right and to 80% of baseline on the left. The patient awoke on both occasions with no defi cits. Signifi cant differences (Table 2) were noted among the three groups based on mean preoperative Cobb angle (86Њ vs. 70Њ vs. 59Њ), the mean intraoperative posttraction Cobb angle (50.0Њ vs. 34.6Њ P ϭ 0.0009), FI (0.14 vs. 0.27 vs. 0.25), TI (0.41 vs. 0.50 P ϭ 0.05), and presence of primary lumbar curves (0% vs. 32% vs. 14%). Group 1 consisted of patients with larger, less fl exible thoracic curves. There was no signifi cant difference between groups 1 and 2 when comparing gender (71% vs. 79%), age (14.2 vs. 15.4 years), preoperative kyphosis (36.5Њ vs. 31.4Њ P ϭ 0.40), or fi nal curve correction (61.6% vs. 66.9% p ϭ 0.22). Group 3 had signifi cantly smaller curves (P Ͻ 0.05 compared with both groups) with a mean Cobb of 59.0Њ (37Њ-82Њ). Group 3 had a signifi cantly less preoperative thoracic kyphosis than group 1 (36.5Њ vs. 29.0Њ). The mean correction in group 3 was 68.6% (48%-95%) with one case of partial unilateral MEP loss after rod insertion with no clinical sequelae.
There were two patients excluded from the study, as their neurophysiology changes were directly related to instrumentation. The fi rst patient had a 90Њ right thoracic curve (Lenke 1) that developed a transient Brown Sequard syndrome after the insertion of a probe into the apical concave pedicle. An immediate loss of the left lower extremity MEPs with a latency shift of the left posterior tibial nerve SSEP occurred. All traction was immediately discontinued. The MEPs and SSEPs did not recover and the patient developed signifi cant postoperative unilateral weakness, which returned to normal in the weeks after surgery. The second patient (Lenke 4Cϩ) lost right-sided MEP during the insertion of a right pedicle hook. The MEP returned to baseline after removal of the hook and maintained baseline neurophysiological monitoring during the remainder of the case. The traction was not adjusted and the patient had no postoperative neurological defi cits.
Surgical Procedure
The mean skull traction was 8.6 kg (6.8-11.3 kg, mean 18.3% body weight) and femoral traction was 22.3 kg (13.6-31.7 kg, mean 47.5% body weight). All patients underwent posterior pedicle screw constructs using a free-hand technique. Pedicle hooks were placed in the upper thoracic region in 30 of the 36 cases to improve proximal pullout strength and protect the proximal adjacent facet joint.
MEP Changes
Eighteen (48%) procedures in 17 patients had a reduction of MEP amplitudes (Table 3 ). There were no associated changes to latency in any of these patients. In two (11%) of these procedures, the MEP changes occurred before surgical exposure (mean 8.0 [4] [5] [6] [7] [8] [9] [10] [11] [12] of MEPs occurred with the lowest recordable MEP amplitude being less than 25% in four procedures, between 25% and 49% in four, and between 50% and 75% in two. The mean time from the application of traction to significant MEP changes was 94.0 (1-257) minutes (Table 4) . Traction was adjusted in response to MEP changes. All changes occurred in patients with major thoracic curves (Lenke 1-4) (see case examples Figure 3A , B).
Curves at Risk
A positive linear correlation was observed between the positive predictive value (PPV) of MEP signal change occurring and preoperative major curve angle (R 2 ϭ 0.86, P ϭ 0.0001). In our series with the traction protocol utilized, curves greater than 80Њ had a 75% risk of developing MEP changes. Similarly, stiffer curves (see Figure 4 ) on traction (TI) and bending (FI) were at higher risk of developing MEP changes (P ϭ 0.05 for TI and P ϭ 0.03 for FI). Patients with TI of 0.45 had a 50% incidence of MEP changes increasing to 70% if the TI was 0.3. Similarly, patients with FI of 0.2 had a 50% chance of MEP changes, increasing to 65% if the FI was 0.1. Table 4 describes the recovery pattern seen after interventions undertaken in response to the loss in MEP recordings. Because there were two cases that had changes both before and after rod insertion, there were 16 traction-related events and four rod-related events in the 18 procedures. In response to MEP signal loss, traction weight was reduced. This led to a partial recovery of MEP signal after a mean of 5.5 (1-29) minutes on the left leg and 4.8 (1-26) minutes on the right leg, and complete recovery of MEP signal after a mean of 7.4 (1-17) minutes on the left and 5.2 (1-16) minutes on the right leg after reduction in the traction weight. Rod-related events occurred at a mean of 7.2 (3-11) minutes after rod insertion in four cases. Partial and complete recovery in the MEP occurred in the left leg at a mean of 4.4 (2-8) and 8.3 (6-10) minutes, respectively, and at 4.5 (3-8) and 10.1 (6-27), respectively, in the right leg after removal of the rod. Ten of the 16 tractionrelated events resolved within 6 minutes, and another three within 10 minutes after reduction of the traction weight. In the other three cases, one had a partial unilateral loss that recovered after 17 minutes after removal of the weight but leaving the left rod in place. The other two cases had unilateral complete loss and unilateral partial loss that required 26 minutes and 12 minutes, respectively, to regain some MEP signal in the leg with complete loss.
Recovery Patterns After Maneuvers to Reverse Monitoring Changes
At skin closure, all fi ve cases with unilateral MEP changes recovered to baseline. In the 13 cases with bilateral MEP changes, fi ve patients had bilateral recovery to baseline, fi ve patients had unilateral recovery to baseline and unilateral recovery to Ͼ50% of baseline, one patient had unilateral recovery to baseline and unilateral recovery to Ͻ25% baseline, and two patients had bilateral incomplete recovery with one leg recovering to Ͼ50% and the other to Ͻ25% of baseline (Table 5) . No wake up tests were performed in this series, however, one case was terminated after repeated rod insertion was associated with loss in MEP. Table 4 . A timeline of selected events is shown along y-axis with associated annotations for each stacked trace. Note MEP amplitude reductions, interventions performed in response to changes, and resultant improvements in MEP amplitude. The patients in these examples awoke from the procedure with no neurological defi cits. MEPs are recorded from the left and right abdominal rectus-iliopsoas (AR-IL), adductors-rectus femoris (ADD-RF), tibialis anterior (TA), and abductor hallucis (AH) muscles. Muscle groups are selected based on the type of surgery, level of surgery and nerve root involvement, if any. They are linked on occasion to maximize nerve root coverage. These unaveraged compound muscle action potentials are recorded through a 30 to 1000 Hz bandpass fi lter and are displayed in a 100 ms window.
SSEP Changes
Traction related SSEP changes were seen in only one (2.7%) case. There was a 50% reduction in the amplitude of left posterior tibial nerve SSEP, with no associated latency change. This corresponded with the loss of MEP of the same side. The SSEP amplitude returned to baseline before wound closure, after reduction and subsequent removal of all traction weights.
Upper Limb Monitoring
There were no MEP or SSEP changes in the upper limbs.
Neurological Outcome
No patient had neurological defi cits on waking up.
DISCUSSION
In this series, the use of intraoperative skull-skeletal traction for AIS highly correlated with the probability of developing intraoperative MEP changes in large stiff thoracic curves. Adjustments of the traction weight and/or removal of the rod were associated with complete or partial recovery of the MEP changes in all cases. Despite incomplete recovery of the loss in MEP amplitude at the time of closure in eight cases, there were no neurological defi cits in any of the 36 patients upon wakening from the procedure. With the use of traction, we were able to achieve corrections comparable to our group consisting of smaller curves where traction was not required. No wake up tests were performed to validate these changes. Although there is much written about the prevalence of neurological injury after scoliosis surgery, it is extremely diffi cult to ascertain or compare the rate of neurophysiological changes that occur during scoliosis surgery. Part of the problem relates to the lack of consensus as to what degree of change in SSEPs and MEPs is relevant. 3, 5, 6, 15 In 2003, Hausmann 16 reported the preoperative SSEP evaluation of 100 patients with idiopathic scoliosis with normal clinical neurology and found 56% had increased SSEP latencies. In 2007, Schwartz reported a 3.4% incidence of MEP amplitude decreases of greater than 65% in 1121 AIS surgeries. 6, 7 In our series, we recorded all observed changes in MEP and SEP and responses to intraoperative maneuvers. All cases in our series (with traction or rod induced monitoring changes) had recordable signal at closure, which correlated with a normal neurological examination upon awakening, even if the signal reduction was considered severe (Ͼ75%). To our knowledge there has been no published literature on the experience of neurophysiological changes with the use of skeletal traction in idiopathic scoliosis correction surgery.
The frequency of MEP changes in our study group is much higher than the reported scoliosis corrections without traction. 6, 7 There are a number of reasons we feel these MEP changes occurred, especially in patients with large, stiff thoracic curves. Firstly, we used a relatively large amount of traction (approximately 50% body weight) to achieve correction, relying on our monitoring for feedback. Perhaps a lesser amount of weight could achieve similar results with fewer changes. Secondly, the traction stretches not only the region of deformity but other parts of the spinal cord as well, that is, the cervical cord. Thirdly, the large thoracic curves with less fl exibility were most sensitive to MEP changes, where perhaps there is less apical tolerance to changes in spinal cord perfusion. Ninety-seven percent of patients with neurophysiological changes had only MEP changes suggestive of compromised anterior cord perfusion. We believe that stretching of the anterior spinal artery along with the anterior neural elements causes a relative ischemia of the anterior spinal cord affecting the corticospinal tracts, resulting in MEP and not SSEP changes. All changes responded to either reduction or (Table 4 , Figure 2 ). This also supports the theory that the changes may be due to a reduced cord perfusion from over stretching of the anterior spinal artery. Using lesser weights during the procedure and increasing the weights just prior to rod insertion, or using a temporary internal distractor as described by Buchowskiet al 17 may be alternatives to minimizing overstretching of the spinal cord.
The changes observed in MEP were changes in amplitude and not in latency. The amplitude of the MEP response is a refl ection of the contribution of motor units, which in turn are depolarized by axons within the spinal cord. [18] [19] [20] [21] These MEP responses are measured as voltage fl uctuates and represent the signal amplitude. Any injury of the spinal cord, whether through mechanical insult or ischemia, will result in a decrease of motor unit depolarization, and a reduction of the amplitude. The MEP changes observed were a result of the application of traction, which we feel produced stretch to the anterior spinal artery, thus reducing adequate spinal cord perfusion. Prolonged latency of MEP is caused by a slowing of central motor conduction and attributed to axonal demyelination, degeneration of the corticospinal tracts caused by motor neuron disease or a hereditary disorder, cerebral vascular disease, cerebral glioma, or spondylolytic compression of the cervical cord or nerve roots. [22] [23] [24] We did not encounter any of these issues in our cohort. Other nonsurgical causes of increased latency are changes in anesthetics or a drop in the body temperature. [25] [26] [27] There has been signifi cant improvement in neurophysiological monitoring to its current form today. 3 The use of SSEP alone has had mixed reviews in the literature. There have been case reports of false negative outcomes with patients waking up with neurological defi cits that were not detected with SSEP monitoring. [28] [29] [30] [31] [32] We feel SSEP monitoring is most valuable when using hook and sublaminar wire constructs, where the dorsal columns of the spinal cord are most at risk of injury. In the past decade MEP has established itself as a more reliable and effi cient method of intraoperative monitoring of spinal cord function. 4, 33 The combined use of SSEP and MEP has become the accepted standard of care 4, 7, 15, 28, [33] [34] [35] in most larger spinal deformity centers, including our own, regardless of whether intraoperative traction was used. SSEP changes are helpful in identifying posterior cord and Brown-Sequard changes, where correlation with MEP changes can help differentiate changes secondary to implant malposition, as opposed to ischemia, as demonstrated in our fi rst excluded patient.
Intraoperative skull-femoral traction has a role in the correction of severe coronal plane deformities. 1 We were able to achieve over 61% major curve correction in the larger (mean 86Њ) curves and close to 67% correction in the curves with mean preoperative curves of 70Њ without performing any anterior releases or posterior osteotomies. This correction is similar to what we achieved in group 3 (69%). Through this experience, we gained valuable knowledge and confi dence in MEP monitoring, where rapid feedback in MEP amplitudes was observed with adjustment of the traction weight (Table 4) , with a mean partial recovery time of around 5 minutes and a mean complete recovery time under 8 minutes. We postulated that the right leg recovered quicker because the left side of the spinal cord being on the concavity of the apex was more sensitive to ischemic changes. The amount of weight used in this series facilitated our curve correction, however, the ideal amount and duration of traction has not been determined.
It is apparent to us that the reliable feedback we received from our neurophysiologists provided us a safe environment to achieve deformity correction in our patients. Despite the fact that we observed SSEP changes in only one patient in our series and had no MEP changes in the small subset of 6 cases of thoracolumbar curves, we continue to use MEP and SSEP monitoring in all of our deformity corrections. Nevertheless, we cannot justify the use of these modalities based on the results in these small subsets.
Current Protocol
On the basis of the results of this study, we have modifi ed our indications and use of intraoperative traction in an effort to reduce the frequency of MEP changes encountered.
Indication for tractions: We have changed our indications for traction to thoracic AIS curves Ͼ80Њ, thoracolumbar or lumbar curve Ͼ60Њ, or cases with small pedicles.
Weight: We use 10 to 15 lb on the head and 50% of body weight (maximum 65 lb) on the legs. The majority of MEP changes in this series occurred after spinal exposure (mean 94 minutes after initiation of the traction). We feel the added release achieved by exposing the spine out to the transverse processes allows greater stretch and perhaps greater correction as the case proceeds, leading to the MEP changes. Because of this, our current practice is to decrease the weight on the legs by 10 to 15 lb during the exposure after the initial radiograph and to replace this weight just prior to rod insertion. Anecdotally, we have noted less monitoring changes using this approach, however, we do not have enough cases to provide accurate recommendations. All weights are removed as soon as the rods are inserted. Further work comparing the results of these protocol modifi cations is needed to determine the feasibility of the safe use of intraoperative skull-skeletal traction in these cases.
CONCLUSION
The use of intraoperative skull-femoral traction for major coronal plane deformity correction causes frequent abnormalities in neurophysiological monitoring in larger, stiffer thoracic curves. The immediate return or improvement of MEP amplitude with adjustment of traction, suggests the MEP changes observed were not technical in origin. Increasing magnitude of the major curve, location of the curve in the middle thoracic region, low fl exibility index and low TI were identifi ed as risk factors of developing MEP changes with traction. We postulate that the observed MEP changes are caused by spinal cord ischemia with stretching of the anterior spinal artery. These ischemic changes are best detected by MEP. The SSEP did not correlate with the observed MEP changes in 94% of procedures. With traction induced MEP changes, any MEP signal present at closure in this series was associated with normal motor function upon wakening.
➢ Key Points
Frequent motor evoked potential (MEP) changes occurred with skeletal traction. Location of the curve in the middle thoracic region increase magnitude and rigidity of the curve increases probability of MEP changes. Presence of any MEP signal at the end of surgery correlated with normal neurology on wakening. Somatosensory evoked potential monitoring did not correlate with the traction induced MEP amplitude changes.
